matic report of reversal of cerebral ischemia in gerbils and in two humans 7 -8 These workers report rapid (within 5 minutes) but temporary (less than 20 minutes) reversal of hemiplegia in two patients with subarachnoid hemorrhages. 7 They noted a similar reversal of hemiplegia in experimentally induced stroke in gerbils. 8 A subsequent report of naloxone reversal of hemiplegia has, also, emerged. 9 In addition, Faden has found naloxone may be capable of limiting the extent of cerebral ischemic injury in the canine embolic model of stroke.
Methods

Thirteen patients at either Duke University Medical
Center or the Durham Veterans Administration Hospital who suffered recent (3 to 24 hours) focal neurologic deficits were studied. Their deficits ranged from isolated aphasia to coma. The etiologies of the deficits included intracerebral hemorrhage, presumed thrombosis and presumed embolic events (including a case of deficit which occurred during cerebral angiography).
Patients who had no medical contraindications for naloxone gave informed consent to receive the drug experimentally for a non-indicated usage, while the next of kin gave the informed consent for aphasic patients. The study was single blind; the patient not knowing whether naloxone or saline was being administered. Saline (2 ml) was given first intravenously and observations made for ten minutes. Patients were then administered either two or three ampules of naloxone (0.8 to 1.2 mg) at intervals of ten minutes. Those patients who had an alteration in consciousness or who demonstrated a reversal of deficit received 0.8 mg of naloxone. All other patients received 1.2 mg. Vital signs were monitored and neurologic examinations were repeated at ten minute intervals. Computerized axial tomograms (CT) of the head were performed in all but one of the patients.
Results
Our findings are summarized in Table 1 . No patients responded to saline administration. In 3 of 13 patients improved neurologic status within minutes of naloxone administration was unequivocably present. In case 2, who had suffered a brainstem infarct, resolution of rotary nystagmus, improvement in vertigo and improvement in paretic limb strength occurred within two minutes after 0.4 mg of naloxone and lasted for 20 minutes. This improvement was obtained again the next day with the same dose.
Case 4 developed neurological symptoms 3 hours earlier at the time of cerebral angiography. Definite improvement but not complete resolution was noted in left arm and leg hemiplegia within 5 minutes of naloxone (0.4 mg) administration and lasted approximately 15 minutes. This reversal repeated when naloxone was given a second time an hour later. A CT scan several days later showed a hypodense area in the right middle cerebral artery distribution.
Case 6 presented with the sudden onset, six hours earlier, of lefthemiparesis, dysphasia, and lefthomonymous hemianopia. He was given 0.8 mg of naloxone, and marked resolution was noted 15 minutes later. He continued to improve and by the next morning the patient had returned to his premorbid state. In this case the improvement could have been spontaneous; that is, the patient may have had a transient ischemic attack and the relationship of improvement to the naloxone administration could have been coincidental.
The possibility of harmful side effects from naloxone administration was raised by case 13. This patient was a known alcoholic with a history of one previous ethanol-withdrawal seizure. He presented in an agitated state with a blood alcohol level in the intoxicated range and an apparent Wernicke's aphasia. This patient had a single right focal seizure within one minute of receiving his third ampule of naloxone (1.2 mg) . The seizure lasted less than one minute. A left temporal intracerebral hemorrhage was diagnosed by computerized tomography. Subsequently the patient had a bout of delirium tremens, but no further seizures. He had a near total improvement of his aphasia by the 7th hospital day. Two months later his aphasia had totally resolved.
Discussion
Taken together with the cases reported by others, 7 ' 9 those reported here suggest that naloxone administration may alter the neurologic deficit seen in some patients with cerebrovascular disease. In our patients cerebral infarction or ischemia was the most common cause of neurologic deficit and was the cause in all of the patients who improved after naloxone. However great care must be taken in interpreting our results. Although 3 of our 13 patients demonstrated a reversal of neurologic deficit coincident with naloxone administration, in one patient the reversal was permanent and may have represented the spontaneous resolution of a transient ischemic attack. Thus we can be certain of naloxone reversal in only 2 patients. Furthermore Bredesen et al." carried out a similar study and did not observe reversal in any of 10 patients. Thus naloxone reversal appears to be a rare occurrence. It is possible that the lack of neurologic response in some of our patients may be a result of inadequate dosages. Subclasses of opiate receptors exist 10 -12 and with variable sensitivity to naloxone. Hence the dosage of naloxone sufficient for morphine reversal may not be adequate for the reversal of cerebral ischemic effects.
Naloxone, in the doses we used, had no recognized systemic effects. In particular we saw no alteration in blood pressure or heart rate. This agrees with the findings of Volzuka et al 13 who gave 20 mg of naloxone to normal volunteers. They did note, however, changes in certain peripheral hormonal concentrations which began 25 minutes after injection.
The fact that a seizure was observed concurrent with naloxone administration raises a concern about administering this agent. This may represent a clinical manifestation of the experimental reports that naloxone increases audiogenic seizure severity in predisposed mice 14 and that naloxone facilitates amygdaloid kindling in rats."
It should be noted that ten of the eleven patients with non-fatal infarcts improved. In seven of these their deficits completely resolved. This degree of improvement and resolution is unusual for an unselected group of consecutive patients admitted to our hospitals and is also more favorable than would be expected from larger national studies. 1415 Therefore it is intriguing to speculate whether the administration of naloxone with- in the first 24 hours of deficit had a beneficial effect on both morbidity and mortality.
We emphasize again that care should be taken in the interpretation of these results. Naloxone-reversal of neurologic deficit is a rare event. When this series and the results of Bredesen et al" are considered together naloxone reversal occurred in only two or three patients of twenty-three patients tested. This occurrence is so unusual that more detailed and conclusive studies would require large numbers of patients. Furthermore the results certainly do not support the routine administration of this drug in patients with neurologic deficit. Until a double-blind study is performed, the objective benefits for naloxone cannot be properly assessed.
These preliminary data do indicate that naloxone can partially, temporarily reverse clinically apparent neurologic deficits in some patients. This would agree with the observations of Baskin and Hosobuchi. 7 The fact that neurological deficits could be pharmacologically reversed even days after their acute onset offers hope to stroke patients. 
